During the course of soil surveys conducted to assess nematode biodiversity in native grasslands of North America, a single criconematid morphospecies was found to be widespread and abundant. Using dichotomous and synoptic keys (Hoffmann, 1974; Brzeski, 2002; Geraert, 2010) , this morphospecies was identified as Mesocriconema curvatum (Raski, 1952) Loof and De Grisse, 1989 . This plant-parasitic taxon has previously been recognized as a component of the nematode community in central tallgrass prairies (Norton and Ponchillia, 1968; Schmitt and Norton, 1972; Norton, 1978; Powers et al., 2010) . Historically, it was recorded as associated with a broad range of hosts from monocots to dicots, annual herbaceous plants to conifer and hardwood trees, and in agroecosystems as well as native plant communities. Geographically, M. curvatum has been reported from six continents in both tropical and temperate climates. Judging from these reports, either this species is an extreme generalist, adapted to a multitude of environments and plant hosts, or M. curvatum as recorded in the literature is actually a composite of morphologically similar but genetically distinct lineages, possibly cryptic species (Fontaneto et al., 2008; Nadler and De Le on, 2011; Ristau et al., 2013; Palomares-Rius et al., 2014) .
In a previous taxonomic analysis of species of Mesocriconema Andr assy, 1965, from North America, molecular and morphological analyses were used to differentiate formally described members of the genus as well as lineages lacking a formal description (Powers et al., 2014) . With few exceptions, the specimens collected from native grasslands were determined to be phylogenetically distinct from specimens found in agroecosystems, with the agricultural group of specimens judged to most closely conform to the original description of M. curvatum (Powers et al., 2014) . The question remained, however, as to the taxonomic status of the grassland specimens. In this study, we use a species concept that recognizes species as separately evolving metapopulation lineages (De Queiroz, 2007) and apply species delimitation methods that incorporate character state and genetic distance analyses (DeSalle et al., 2005; Pons et al., 2006; Wiens, 2007; Puillandre et al., 2012) . The lineages discovered during these analyses appear to represent members of a group of morphologically similar, parthenogenetic species endemic to North American grasslands. Two of the lineages were geographically widespread across the central grasslands and were usually abundant when found in remnant prairies. In an earlier study, these two lineages were referred to as haplotype group (hg) 18 and hg 24 (Powers et al., 2014 ). In the current study, the number of grassland collection sites with positive finds has been expanded to 35, and the number of specimens studied of hg 18 and hg 24 has been increased to 98 and 100 specimens, respectively. Negative collection sites helped define the geographic limits of these groups. A statistical parsimony network analysis provided information about the population structure and haplotype relationships for both lineages. In this study, hg 18 is deemed deserving of a unique, formal species description based on phylogenetic clade support, reciprocal monophyly, genetic distance metrics, species delimitation analyses, and discriminant function analyses (DFA) that provide evidence of a degree of morphological distinction. Haplotype group 24, while exhibiting some of the same characteristics suggesting lineage distinction, is not as readily delineated and requires additional study before formal nomenclatural recognition.
MATERIALS AND METHODS
Nematode collection: Nematodes were obtained from soil samples collected using a standardized collection procedure to facilitate consistent and optimal recovery between sites (Neher et al., 1995) . Soil cores were taken randomly within a 40 3 40 m grid using Oakfield tubes with a 3-cm diameter at a maximum depth of 30 cm. Samples consisted of approximately 1,000 cc of bulked soil from a single grid and were stored at 88C until nematodes from a 200-ml subsample were isolated using a modified flotation-sieving and centrifugation method ( Jenkins, 1964) .
Samples included in this study were collected from 35 sites recorded in Table 1 and Fig. 1 . The collection sites represent 13 ecoregions as designated by the World Wildlife Fund (Olson et al., 2001) . Twenty-eight of these sites were native prairie remnants managed to maintain native plant diversity. The most intensively sampled ecoregion was the central tallgrass prairie with 14 sites. Other grassland ecoregions were the Flint Hills tall grasslands, Texas Blackland prairies, and central and southern mixed grasslands. Two of the study sites, Nine-Mile Prairie and Spring Creek Prairie of the central tallgrass ecoregion, were sampled intensively over multiple years and seasons during the survey. Several other sampling sites were not officially designated as grasslands; nonetheless, they had a substantial grass component. These included grassy balds of the Smoky Mountains (Jenkins, 2007) , southern longleaf pinewiregrass communities, dunegrass communities along the Atlantic Coast (Noss, 2013) , and northern oak savannas in Wisconsin and Minnesota (Hoffman, 2002) .
Datasets: Six datasets are discussed in this study:
1) A 608-specimen dataset of COI DNA sequences of all Mesocriconema collected in North America. 2) A 191-specimen dataset of COI DNA sequences reduced to unique sequences by removing all redundant sequences from the 608 dataset. This dataset was used in analyses to generate Fig. 2 . 3) A 74-specimen dataset of unique COI DNA sequences from hg 18 to 27 (Fig. 3 ). 4) A 256-specimen dataset of COI DNA sequences that include all of the specimens that formed hg 18 to 27. This dataset was used in network analyses, population analyses, and geographic distribution.
5) A 36-specimen dataset of internal transcribed spacer 1 (ITS1) DNA representing members of hg 18 to 27 as determined by COI DNA analysis (Fig. 4) . 6) A 161-specimen dataset of all female specimens in hg 18, 19, 24, and 25 . This dataset was used in morphological analyses including the DFA (Fig. 5) .
Microscopic analysis and documentation: Nematodes isolated from soil were first examined using a dissecting stereomicroscope, and specimens recognized as belonging to Criconematina were handpicked for compound light microscope analysis. Individual nematodes were mounted on glass slides, measured, and digitally photographed using a Leica DMLB light microscope with differential interference contrast optics and a Leica DC300 video camera. A set of 16 standard measurements were taken on individual specimens allowing for the combined retention of morphological characters and molecular data. Both adult females and juveniles were subjected to morphological and molecular analyses, but only adult females were included in morphological comparisons for species delimitation. No male Mesocriconema specimens were encountered in this study. Nematodes were prepared for scanning electron microscopy (SEM) by fixation in 4% formalin followed by dehydration in a graded series of alcohol to 100% ethyl alcohol, critical point drying, mounting on SEM specimen stubs, and coating with gold. Images were obtained on a Hitachi S-3000N scanning electron microscope. Microscopic images of all specimens were stored in an in-house database in the Department of Plant Pathology at University of Nebraska-Lincoln, and images of specimens with DNA barcodes have been deposited in the Barcode of Life Database (http://v4. boldsystems.org/).
Polymerase chain reaction amplification: Following documentation, nematodes were removed from slides and crushed in 18 ml of sterile deionized distilled water using the tip of a micropipette and transferred to a polymerase chain reaction (PCR) microfuge tube. DNA was amplified by PCR and sequenced as described by Powers et al. (2014) . The COI primer sequences COI-F5 (59-AATWTWGGTGTTG GAACTTCTTGAAC-39) and COI-R9 (59-CTTAAAA CATAATGRAAATGWGCWACWACATAATAAGTATC-39) resulted in an approximately 790-base pair (bp) amplification product. Following removal of primer sequences, 721 bp of sequence were used in genetic analyses. Near complete 18s ribosomal DNA sequence was obtained for representative Mesocriconema specimens using the following two primers sets: 18s39F (59-AAAGATTAAGCCATGCATG-39) and 18s977R (59-TTTACGGTTAGAACTAGGGCGG-39) produce a 0.97-kb amplification product which is reduced to 951 bp when primers are trimmed off. The second set, 18s900F (59-AAGACGGACTACAGCGAAAG-39) and 18s1713R (59-TCACCTACAGCTACCTTGTTACG-39) produce a 0.85-kb amplification product: 818 bp when the primers are trimmed off. Together the sets usually produce a final near-complete 18S product of 1,706 bp with a 63 bp overlap between sets. ITS1 sequence was generated from select specimens using ITS1 primer sequences rDNA2 (59-TTGATTACGTCCCTGCCCTTT-39) and rDNA1.58Sa (59-ACGAGCCGAGTGATCCACC-39).
Phylogenetic analysis: Phylogenies presented in this study were inferred using programs in Geneious R8 (Kearse et al., 2012) and MEGA 6 (Tamura et al., 2013) . A reference maximum likelihood tree has previously been published for the genus Mesocriconema (Powers et al., 2014) and an updated version of that tree is presented in Fig. 2 . This reference tree used COI sequence from the 608 Mesocriconema specimen dataset that was reduced by MacClade's Redundant Taxa Tool (Maddison and Maddison, 2000) to 191 unique haplotypes. Previously described haplotype groups and haplotype groups corresponding to Linnaean species are identified as colored blocks on the major branches of the tree. Five named morphospecies include specimens obtained from topotype localities: Mesocriconema discus (Thorne and Malek, 1968 (Raski, 1958) Loof and De Grisse, 1989 , and Mesocriconema xenoplax (Raski, 1952) Loof and De Grisse, 1989 . Mesocriconema nebraskense n. sp. and other closely related Mesocriconema haplotype groups collected from North American grasslands are uncolored on the maximum likelihood tree and are identified by boxed haplotype group numbers. A reduced 74 specimen dataset of unique haplotypes from hg 18 to 27 (Fig. 3) was also analyzed by neighbor-joining and Bayesian methods, which recognized identical haplotype groups based on branch topology and node support. It is this dataset, rooted by M. inaratum, that was subjected to the species delimitation methods discussed below.
Delimitation methods: Limits of candidate species were explored using the following methods: Automatic Barcode Gap Discovery (ABGD) (Puillandre et al., 2012) , the Species Delimitation Plugin (Masters et al., 2011) , implemented through Geneious R8 (Kearse et al., 2012) and statistical parsimony networks as implemented in the software program TCS (Clement et al., 2000; French et al., 2013) , and DFA applied to a set of morphological characteristics of female specimens.
Automatic Barcode Gap Discovery (ABGD): ABGD is a delimitation method that groups DNA sequences into candidate species without a priori species hypotheses and operates under the assumption that a ''gap'' exists between intra-and interspecific diversity in the distribution of pairwise differences for any set of sequences.
A barcode gap is statistically inferred and recursively partitions sequence data into groups of candidate species (Puillandre et al., 2012) . The reduced grassland dataset was analyzed on the ABGD web-server FIG. 2 . Maximum likelihood tree of 191unique COI DNA sequences representing a set of 608 Mesocriconema specimens. Each terminal node includes a nematode identification number, taxon name, and location information. Haplotype groups have been boxed and given a group number. Haplotype groups that correspond to Linnaean names are identified based on analyses in Powers et al. (2014 Powers et al. ( , 2016 . M. nebraskense n. sp. and haplotype groups 19 to 27 are unshaded.
(http://wwwabi.snv.jussieu.fr/public/abgd/abgdweb. html) using default values (Pmin = 0.001 and Pmax = 0.1) of prior maximum divergence of intraspecific diversity (i.e., species divergence) and the Kimura (K80) distance model, which accounts for the more frequent nature of transitional substitutions in protein coding sequences.
Species Delimitation Plugin (SDP): One metric in the species delimitation plugin available for the Geneious R8 software package was used to assess a priori species hypotheses supported in phylogenetic reconstructions. Highly supported nodes corresponding to candidate species were selected on phylogenetic trees within the plugin. Rosenberg's test for reciprocal monophyly (P(AB)) tests for clade distinctiveness under the null hypothesis that monophyly is an outcome of random branching events. Rodrigo's test (P(RD)), which assesses the probability that the degree of distinctiveness is due to random coalescent processes was not used because as stated, ''for technical reasons, the probability cannot be computed when there are more than 40 taxa in the clade (Masters et al., 2011) .
Haplotype networks: Haplotype networks are used to examine and visualize possible relationships and alternative evolutionary trajectories between DNA sequences of closely related specimens that may be masked in simple bifurcating trees. Networks can additionally be used to evaluate potential species boundaries based on empirical analyses that suggest intraspecific sequence divergence of less than 5% in COI often indicates species membership and corresponds with Linnaean names (Pons et al., 2006; Hart and Sunday, 2007; Chen et al., 2010) .
The networks presented here were produced in the software package PopART (French et al., 2013) using algorithms developed for TCS (Clement et al., 2000) . TCS calculates the maximum number of mutational steps that constitutes a parsimonious connection between two haplotypes, while conforming to a chosen connection limit (often 95%, although other limits could be evaluated) following statistical parsimony algorithms developed by Templeton et al. (1992) . Haplotypes separated by more mutational steps than allowed by the designated connection limit remain disconnected. In a network visualization, unique haplotypes are represented as circles connected by hash marks indicating base pair changes between haplotypes. The size of the circle is proportional to the number of individuals conforming to that haplotype. Haplotype networks of groups 18 and 24 are presented in Figs. 6 and 7.
Population analyses: Basic nucleotide sequence population statistics including nucleotide and haplotype diversities and both Fu's Fs and Tajima's D neutrality tests were calculated in the software program DnaSP (Librado and Rozas, 2009 ). These statistics were calculated on the 10 haplotype groups supported in phylogenetic reconstructions on the 256 specimen grassland dataset. FIG. 3 . Maximum likelihood tree of 74 unique COI sequences representing COI haplotype groups 18 to 27. Blue bars designate groupings recognized by Automatic Barcode Gap Discovery (ABGD and green bars indicate Rosenberg's test for reciprocal monophyly P (AB) groups. Taxa with gray shading represent subgroups that remain disconnected from haplotype groups 18 and 24 at the 95% connection limit.
Neutrality tests determine whether patterns of genetic diversity within populations deviate from the expectation of a neutral model of evolution and a constant population size. Tajima's D (Tajima, 1989 ) is a neutrality test in which the D statistic tests the null hypothesis that all mutations are selectively neutral. Tajima's D is based on the principle that the neutral model estimates a correlation between the number of segregating sites and the average number of nucleotide differences. Fu's Fs (Fu and Li, 1993 ) also tests patterns of genetic variation in nucleotide data using the null hypothesis that the observed variation is a result of neutral selection. Unlike Tajima's D, Fu's Fs is based on branch length and coalescent theory, which states that all genes or alleles observed in a population are inherited by all members of the population from a common ancestor and assumes that genes do not undergo recombination and that genetic drift occurs under a stochastic model. Rejection of the null hypothesis indicates that observed diversity may be the result of selection or population subdivisions (Hartl et al., 1997; Ram ırez-Soriano et al., 2008; Nei and Kumar, 2011) .
Morphology and discriminant function analysis: Sixteen morphological characters were evaluated from 161 female Mesocriconema specimens by DFA. Discriminant function analyses are statistical procedures used to determine which variables in a data set potentially discriminate between two or more naturally occurring groups. DFA can be used to explore the effectiveness of a group of variables in predicting group membership. Used when groups are known a priori, DFA predicts categorical dependent variables, referred to as ''grouping variables,'' based on one or more continuous independent variables, or ''predictor variables'' (Friedman, 1989; Hardle and Simar, 2007) . A stepwise discriminant analysis was employed such that the first variable provides the greatest separation between groups. Successive variables were selected based on their ability to separate the known groups. Independent variables included in the analysis were assumed to be pairwise independent based on a multivariate normal distribution. Regularized, quadratic, and linear discriminant analyses were tested using proportional and equal prior probabilities for group membership. Juveniles and haplotype groups with less than six individuals were excluded from the analysis, leaving hg 18, 19, 24, and 25.
RESULTS
The location of 35 sampling sites positive for grassland specimens of Mesocriconema, as well as prairie sites in North Dakota and Canada where no Mesocriconema were recovered from soil samples are displayed in Fig. 1 . Collection data for the full grassland dataset, which includes all 256 specimens in hg 18 to 27, is presented in Table 1 . The dataset includes 182 adult females, 74 juveniles, and no males. The genetic relationship of the same grassland dataset reduced to unique sequences and compared to unique sequences in Mesocriconema hg 1 to 17 is depicted in the maximum likelihood phylogenetic tree shown in Fig. 2 . As a distinct clade, the node representing hg 18 to 27 collectively did not have strong support with COI nucleotide or amino acid sequence data (not shown). However, in a near full-length 18S rDNA phylogenetic treatment of Mesocriconema specimens, a bootstrap support value of 95 provides strong support for the deeper node defining the clade (Powers et al., unpubl. data) . Each of the individual haplotype groups are strongly supported in the maximum likelihood tree with bootstrap support values ranging from 93 to 100 (Fig. 3) . Haplotype group membership was consistent across maximum likelihood, Bayesian, and neighbor-joining methods. Tree topology varied slightly within haplotype groups and at the deepest nodes in the trees. The deeper nodes in the COI tree, those that depict relationships among haplotype groups, generally have less support. Haplotype group FIG. 5 . Canonical plot of discriminant function analysis run on morphometrics from 161 females of Mesocriconema representing haplotype groups 18, 19, 24, and 25. Missing data points in the dataset were replaced with group means. Inner ellipse is the 95% confidence interval representing the true mean of each haplotype group. The normal (outer) ellipse region is estimated to contain 50% of the population for each group.
FIG. 6. Haplotype network and distribution map of Mesocriconema nebraskense n. sp., haplotype group 18. A. TCS haplotype network in which unique haplotype groups are represented as circles connected by hash marks indicating base pair changes between haplotypes. The size of the circle is proportional to the number of individuals conforming to that haplotype. Colored circles indicate haplotypes collected from multiple locations. Haplotypes enclosed by dashed lines correspond to groups that were disconnected at the 95% connection limit. B. Haplotype distribution map for Mesocriconema nebraskense n. sp. Haplotypes without colors indicate haplotypes found only at a single location.
FIG. 7.
Haplotype network and distribution map of haplotype group 24. A. TCS haplotype network in which unique haplotype groups are represented as circles connected by hash marks indicating base pair changes between haplotypes. The size of the circle is proportional to the number of individuals conforming to that haplotype. Colored circles indicate haplotypes collected from multiple locations. Haplotypes enclosed by dashed lines correspond to groups that were disconnected at the 95% connection limit. B. Haplotype distribution map for haplotype group 24. Haplotypes without colors indicate haplotypes found only at a single location.
18 is consistently recognized as a sister group to a clade containing hg 19, 25, and 26. This sister clade of hg 18 consists exclusively of specimens collected in the southern United States.
A summary of species delimitation analyses applied to the grassland dataset and superimposed on the maximum likelihood tree is presented in Fig. 3 . ABGD partitions the dataset into groups congruent with the well-supported nodes in the phylogenetic trees, subdivides hg 19, 25, and 20, and merges group 27 with group 24. The major lineages, groups 18 and 24, are identified as distinct by P(AB) ( Table 2 ). In the TCS network applying the 95% connection limit, four disconnected subgroups in group 24 and a single disconnected subgroup in group 18 were identified (Fig. 3) . Lowering the connection limit to 93%, which permits an additional two substitutions in the comparisons, joins the subgroup in group 18. Two disconnected subgroups remain in group 24 at the 93% connection limit.
The pairwise mean genetic distance (p-distance) in COI sequences between all 256 specimens constituting hg 18 to 27 is presented in Table 3 . For group 18, the closest mean distance is to groups 24 and 26, both at 10.6% difference. This mean distance to the closest haplotype group is comparable to the mean distances observed between other described species of Mesocriconema (Powers et al., 2014) . Among all comparisons, the closest pairwise mean value is 5.7% between groups 24 and 27. Within haplotype group, mean distance between sequence pairs ranges from 0.0% in group 21 to 4.5% in group 23 (Table 2) . Haplotype groups 18 and 24 have within-group mean distances of 0.4% and 1.4%, respectively.
An ITS1 neighbor-joining K2P tree of 36 representative specimens from hg 18 to 27 is shown in Fig. 4 . The ITS1 alignment had 39 variable nucleotide sites and 15 autapomorphic sites out of 565 total nucleotides. Four gaps were inserted into the alignment. By comparison, the COI alignment features 267 variable nucleotide sites, with 33 autapomorphic sites and no gaps in the 721 nucleotide sequence. The relatively high percentage of autapomorphic characters and the possibility of individuals heteroplasmic for ITS1 reduce the confidence of haplotype associations depicted by this tree. Nonetheless, several taxa (e.g., groups 19, 22, and 26) appear to cluster according to COI haplotype group designation.
Basic statistics for 16 standard morphological measurements on females of hg 18, 19, 24, and 25 are presented in Table 4 . Notable are the significantly larger values for R, Rv, and Rex in group 25 compared to the other haplotype groups. For hg 18 and 24, two groups that are co-distributed in native remnant prairies and the most frequently observed haplotypes in remnant prairies, mean values for R, stylet length (STY), body annulus width (BAW), and Rex aid in their discrimination. An indication of their diverging morphology is revealed by a discriminate function analysis of hg 18, 19, 24, and 25 (Fig. 5) . A regularized (l = 0.1, g = 0.9) method with proportional priors of DFA was determined to perform best, classifying the 161 female nematode specimens into the correct haplotype groups, 84.50% of the time using the morphological variables in a given algorithm. The stepwise selection procedure suggested that a subset of five morphological variables, R, STY, V, BAW, and Rv best explain group membership. The derived canonicals quantify relationships between grouping and predictor variables and are illustrated on the canonical score plot presented in Fig. 5 . Canonical 1 accounts for 72.5% of the between-group variation and Canonical 2 for 24.4% of the between-group variation, together explaining 96.9% of variation in haplotype group membership. Group means of the canonicals are plotted within circles representing 95% confidence intervals. Individual specimens are displayed as points, whereas the vectors point in the direction which that variable accounts for the greatest separation between groups. A TCS network and corresponding geographic map of haplotype distribution in group 18 is shown in Fig.  6A and B. Both network and map feature a single predominant haplotype (1) located at 11 sampling sites. Two other haplotypes were found at more than a single location. Haplotype 7 was confined to remnant prairies in central Iowa, whereas haplotype 12 was found in Homestead National Monument in Nebraska and Doolittle Prairie, a pothole prairie just north of Ames, Iowa. The network of hg 18 displays a star-like pattern (Avise, 2000; Nieberding et al., 2005; Walker et al., 2009 ) with nine haplotypes connected by one to two mutational steps from the most common haplotype. Star-like networks are characteristic of organisms with a relatively recent distribution and diversification. By contrast, the network and map of hg 24 show a more complex pattern of haplotype distribution and diversity ( Fig. 7A and B and 24 share a similar geographic distribution, the large number of mutational steps between haplotypes in group 24 suggests diversification occurring across a greater period of time.
DESCRIPTION
Mesocriconema nebraskense n. sp. (Fig. 8, images First lip annulus diameter = 15 mm, stylet length = 53 mm, knob width = 11 mm, knob height = 5 mm, dorsal esophageal gland orafice = 7 mm, anterior end to base of pharynx = 125 mm, anterior end to vulva = 507 mm, body length = 545 mm, mid-body width = 42 mm, body width at vulva = 35 mm, BAW = 5.0 mm, R = 111, Rv = 8, Ra = 6, Rex = 31, no anastomoses, anterior annulus to vulva with two pointed projections.
Females: Female body slightly curved ventrally when relaxed by heat, assuming an open arc-like shape (Fig.  8A) . Annuli margins are smooth across the entire body, without any hint of crenation (Fig. 8E) . Number of body annuli averages 103.6 (SD 6 6.3). Average width of annuli at mid-body is 5.2 mm. There is typically a single anastomosis on the body with four the maximum number of anastomoses observed from 73 specimens. The labial region is characterized by a rectangular oral disc with rounded edges. The slit-like amphid apertures are located laterally on the disc. Characteristically variable labial plates surround the oral disc. In size, the labial plates may be smaller than the submedian lobes or on some specimens appear to be fused with a fragmented labial annulus. More consistent in shape are four submedian lobes that often project above the plane of the cephalic contour when viewed laterally ( Fig. 9A-E) . The submedian lobes in SEM most often resemble a tongue with a central, longitudinal crease (Fig. 9M) . The submedian lobes are seldom fused with labial plates. Subtending the labial plates and submedian lobes is the first complete body annulus, which averages 15 mm in diameter and often includes a single lateral notch on its margin. Second body annulus is usually 2 to 4 mm wider in profile than first annulus. Stylet averaging 52.6 (SD 6 2.7) mm in length, with robust stylet knobs that possess moderate anterior projections (Fig. 8B) . The excretory pore location is generally on the 28th annulus from the anterior end, most often 2 to 6 annuli behind the posterior base of the pharyngeal bulb. Reproductive system terminating in a straight vagina, occasionally with posterior portion of cuticle-lined canal orientated parallel to body axis for length of a single annulus (Figs. 8C, 9H-K) . Anterior to the vulva is a pair of pointed projections that may extend half the length of an annulus. On occasion, the projections are low and rounded. The postvulval region of the body tapers gradually, ending in a rounded, symmetrical terminus. SEM reveals the anal opening is located 2 to 3 annuli posterior to the vulva.
Male: No males of this species have been observed. Juvenile: Body shape is similar to that of female. Annuli with crenate margins that may only be expressed on the posterior third of the body or extend across entire body. Total number of annuli approximately equal to that of adult females, but annulus width average 3.5 versus 5.2 mm for the adult. Body and STY for juveniles (n = 20) range from 280 to 443 mm and 37 to 48 mm, respectively. Anastomoses are less common on juvenile specimens compared to adults, lacking in more than 50% of specimens. (Powers et al., 2014 ) and a vulva positioned more anteriorly, and hg 25 has more body annuli (mean 119.5 [69.4] ) and an excretory pore positioned a greater distance from the anterior end (mean annuli number 31.5 [62.8]). These haplotype groups are differentiated from M. curvatum which is smaller in body length (mean 396 6 14 mm), total body annuli (mean R = 79 6 4), and annuli number from anterior end to the excretory pore (mean Rex = 22 6 1) (Powers et al., 2014) .
Molecular diagnostic traits for M. nebraskense n. sp.: The COI marker sequence and alignment have been presented in Powers et al. (2016) . Diagnostic nucleotides are designated by their position in the alignment, and the character state at that position (A,C,G,T). Sequence comparisons in this alignment include all 256 specimens in the grassland dataset that includes COI hg 18 to 27. The following diagnostic nucleotides are considered ''pure'' in that they are fixed for all specimens in the group and not found in other specimens in the dataset (DeSalle et al., 2005) : markers C; 199, T; 245, C; 247, T; 268, A; 605, C; 624 Ecology and distribution: Mesocriconema nebraskense n. sp. is known from the former native range of the tallgrass prairies of North America. The range extends eastward to a disjunct grassy site in the Great Smoky Mountains that may have been formed during a Holocene warming period when grasses migrated eastward as periods of drought grew longer and summer temperatures increased (Pielou, 1991) . The species has not been found in the grassy balds of the Appalachian Mountains, the Black Earth Prairies of Georgia, coastal grasslands of Florida, or Longleaf Pine/wiregrass communities of the gulf coast region. Nor has it been recovered from mid and tallgrass prairies north of South Dakota. If this represents the northern border of M. nebraskense n. sp. distribution, it shows a lag time between parasite and host dispersal. Deeper nodes in the Mesocriconema phylogenetic tree indicate a possible southern U.S. origin of grassland nematode haplotypes (Noss, 2013) . Grass hosts that are common to all collection sites and were frequently sampled include big bluestem (Andropogon gerardii Vitman), indiangrass (Sorghastrum nutans (L.) Nash), little bluestem (Schizachyrium scoparium (Michx.) Nash), and switchgrass (Panicum virgatum L.).
DISCUSSION
There are an estimated 487 valid species in the family Criconematidae according to the latest review (Geraert, 2010) . Assuming that morphological distinction was the criterion used to establish these species, the prospect of each morphospecies being composed of multiple cryptic species would suggest a dramatic increase in the number of species in a taxon already presumed to be ''hyperdiverse'' (Ehrlich and Wilson, 1991; Puillandre et al., 2012; Dey et al., 2013) . The recognition of this added diversity has a direct bearing on estimates of global nematode biodiversity and concepts of nematode biogeography. Regional endemicity in plantparasitic nematodes has seldom been recognized and cosmopolitan distributions in nematodes, like other microscopic organisms, are reportedly common (Finlay, 2002; Wouts, 2006) . The large number of cosmopolitan taxa and the infrequent observation of endemicity may in fact be artifacts of coarse taxonomic resolution in species where delimitation has been exclusively based on morphological characters. Importantly, insufficient taxonomic resolution can also result from molecular analyses that rely on highly conserved genes for discrimination such as 18S small sub unit rDNA. An increasing number of reports note that closely related nematode species can have identical 18S nucleotide sequences (Tang et al., 2012; Armenteros et al., 2014) .
This study of grassland Mesocriconema species illustrates the extensive diversity hidden within a widespread morphologically defined taxon. Our molecular approach detected significant differences in diversity and population structure between candidate species, suggestive of distinct evolutionary forces shaping these endemic lineages. The causes of these differences have yet to be determined. The patterns of diversity may be associated with subdivision and fragmentation of populations during episodic glacial periods within the 2 million years of the Pleistocene ice ages (Pielou, 1991; Knowles, 2000; Delcourt, 2007; Dejaco et al., 2016) . The lack of sexual reproduction in these lineages may have accelerated the diversification among lineages (Fontaneto et al., 2009; Fonteneto and Barraclough, 2015) . Specific host associations are known to occur in Mesocriconema (Powers et al., 2014) , and changes in grassland plant species composition could dramatically and selectively alter the composition of plant-parasitic nematode communities. Recolonization of recently glaciated land by nematodes may have been influenced by animals. One theory has advanced the possibility that historical bison migrations could have dispersed soildwelling nematodes through the movement of mud adhering to fur acquired during behavioral wallowing (Thorne and Malek, 1968 ). An understanding of the appropriate taxonomic units for analysis is key in determining which factors are responsible for patterns of nematode distribution.
Mesocriconema nebraskense n. sp. described in this report is an asexual, cryptic species sympatrically distributed with its cryptic counterpart, hg 24. This poses several difficulties with conventional taxonomic protocol. First, it is not possible to unequivocally select a holotype specimen without conducting DNA analysis which will destroy the specimen. To ensure fidelity between the holotype specimen and the species it represents, the holotype of M. nebraskense n. sp. is represented by DNA extracted from a verified member of the haplotype group through DNA sequencing and accompanied by photographic images of that individual specimen. DNA types in lieu of an entire specimen are permitted by the International Code of Zoological Nomenclature, ''the name-bearing type can be an animal, or any part of an animal' ' (72.5.1 ICZN 1999) and in the International Code of Botanic Nomenclature (Strand and Sundberg, 2011; Kadereit et al., 2012) . Similar cases of cryptic, sympatric species exist as in the recent description of nine species of meiofaunal sea-slugs in the genus Pontohedyle (J€ orger et al., 2012; J€ orger and Schr€ odl, 2013) . Given the current rates of biodiversity loss and land conversion, we may never know the extent of nematode diversity, but by providing a means of recognition and names for cryptic species, we could accelerate a fundamental step in the documentation of that diversity (Pante et al., 2015; Dejaco et al., 2016; Morard et al., 2016) .
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